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1
HEATED SUBSTRATE SUPPORT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims benefit of U.S. Provisional Patent
Application Ser. No. 62/588,776, filed Nov. 20, 2017, which
1s hereby incorporated by reference herein.

BACKGROUND .

Field

Embodiments of the disclosure generally relate to heated
substrate supports utilized in the manufacture of electronic
devices on substrates, such as semiconductor substrates. 15

Description of the Related Art

Ceramic substrate heaters may be advantageously used in
the presence of plasma and corrosive plasma species, such 20
as chlorine-containing species found 1n a plasma-enhanced
chemical vapor deposition (PECVD) process and associated
cleaning processes. Ceramic heaters typically have an elec-
tric heating element within a ceramic heater body, which
protects the heating element from the corrosive environment
of the deposition chamber while transmitting heat from the
heating element to the substrate. Typically harder and more
brittle than metals, ceramic materials may be diflicult to
machine, thereby requiring a simple mechanical design.
Being somewhat brittle, ceramic may fracture from crack
growth and propagation if repeatedly subjected to a suffi- °"
cient and/or varying thermal gradient. Cracking may also
arise from the differences in thermal expansion found at the
transition from the ceramic heater assembly to a matenal
with a different thermal expansion coetlicient.

Moreover, temperature uniformity 1s an important con- 35
sideration 1n most semiconductor substrate manufacturing
processes, and as a result, substrate heaters have been
developed to provide greater control over the thermal char-
acteristics of the substrate heater in a thermal processing
system, such as a CVD system. Even slight variations in 40
temperature uniformity across a substrate, on the order of
just a few degrees Celsius, can adversely aflect a CVD
process. Limitations in manufacturing tolerances make it
extremely difhicult to make a substrate heater that has
consistent thermal characteristics along its entire surface 45
area. In addition, heat loss will vary from the center to the
edge of a substrate supporting portion of the substrate heater.

In general, more heat will be lost at the edges versus the
center ol the substrate supporting portion of the substrate
heater. However, in cases where the substrate supporting 350
portion of a substrate support 1s support by a cooled center
shaft, the center region of the substrate supporting portion 1s
typically relatively cooler than the edges of the substrate
supporting portion at moderate processing temperatures.
The undesirable difference 1n the center temperature versus 55
the edge temperature 1s often due to the ability of the cooled
supporting center shait to conduct heat away from the center

of the heater versus the unsupported edge region of the
substrate support.

Therefore, what 1s needed 1s a heated substrate support 60
having improved temperature uniformity across the sub-
strate supporting surface.

25

SUMMARY
63
In one embodiment, a substrate heater for a semiconduc-
tor processing chamber 1s provided, the heater including a

2

circular ceramic body having an outer diameter, a plurality
of purge openings disposed 1n the ceramic body, and a
resistive heating element embedded 1n the ceramic body.
The resistive heating element 1s disposed in a heater coil
pattern having an outer sector, a primary ring, and a sec-
ondary ring. The primary ring includes a first conductive
clement that has a plurality of first peaks, the height of the
first peak 1s about 2% to about 4% of the outer diameter of
the circular ceramic body. The secondary ring includes a
second conductive element that has a plurality of second
peaks, wherein the number of second peaks greater than the
number of first peaks, and the height of the second peak 1s
about 2% to about 4% of the outer diameter of the circular
ceramic body.

In another embodiment, a substrate heater for a semicon-
ductor processing chamber 1s provided, the heater including
a circular ceramic body having an outer diameter, a plurality
of purge openings disposed 1n the ceramic body, and a
resistive heating element embedded 1n the ceramic body.
The resistive heating element 1s disposed in a heater coil
pattern having an outer sector, a primary ring, and a sec-
ondary ring. The primary ring includes a first conductive
clement that has a plurality of first peaks, wherein the
number of first peaks 1s less than about fifty-six, the height
of the first peak 1s about 2% to about 4% of the outer
diameter of the circular ceramic body, and the average
diameter of the primary ring i1s from about 15% to about
19% of the outer diameter of the circular ceramic body. The
secondary ring includes a second conductive element that
has a plurality of second peaks, wherein the number of
second peaks 1s less than about eighty, the height of the
second peak 1s about 2% to about 4% of the outer diameter
of the circular ceramic body, and the average diameter of the
secondary ring 1s from about 22% to about 26% of the outer
diameter of the circular ceramic body.

The high density of heating elements at the center of the
heater provides for a more even heat flow, as the shaft
provides an avenue for unwanted heat flow from the heater.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present disclosure can be understood 1n detail, a more
particular description of the disclosure, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings 1llustrate only
typical embodiments of this disclosure and are therefore not
to be considered limiting of its scope, for the disclosure may
admit to other equally eflective embodiments.

FIG. 1A 1s a schematic side cross-sectional view of a
vacuum processing chamber having a heated substrate sup-
port, according to one embodiment.

FIG. 1B 1s a schematic side view of the heated substrate
support, 1llustrated in FIG. 1A.

FIG. 2A 1s a sectional plan view of the heated substrate
support ol FIG. 1A showing one embodiment of a heater
coil.

FIG. 2B i1s an enlarged view showing details of the heater
coll of FIG. 2A around one of the plurality of purge
openings, according to one embodiment.

FIG. 3A 1s a schematic side sectional view of a heated
substrate support, according to one embodiment.

FIG. 3B i1s a schematic side sectional view of a heated
substrate support with thermal barrier coating, according to
one embodiment.
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FIG. 4A 1s a sectional plan view of a heated substrate
support showing another embodiment of a heater coil.

FIG. 4B 1s an enlarged view showing details of the heater
coll of FIG. 4A around one of the plurality of purge
openings.

FIG. SA 1s a sectional plan view of a heated substrate
support showing another embodiment of a heater coil.

FIG. 5B 1s an enlarged view showing details of the heater
coll of FIG. SA around one of the plurality of purge
openings.

FIG. 6A 1s a sectional plan view of a heated substrate
support showing another embodiment of a heater coail.

FIG. 6B 1s an enlarged view showing details of the heater
coll of FIG. 6A around one of the plurality of purge
openings.

FIG. 6C 1s an enlarged view showing details of the heater
coil of FIG. 6A around another one of the plurality of purge
openings.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
clements that are common to the figures. It 1s contemplated
that elements and features of one embodiment may be
beneficially incorporated 1n other embodiments without fur-
ther recitation.

DETAILED DESCRIPTION

Embodiments of the disclosure herein include an appa-
ratus used to provide enhanced temperature uniformity
across a substrate supporting surface of a substrate heater. In
some embodiments, a heated substrate support includes a
resistive coil that improves thermal uniformity from a typi-
cal 3% non-uniformity at 400 degrees Celsius to about 1%
non-uniformity at 400 degrees Celsius. The heated substrate
support may be utilized i vacuum processing chambers
available from Applied Maternials, Inc., of Santa Clara,
Calif., as well as vacuum processing chamber available from
other manufacturers. The resistive coil provides a high
thermal energy density near the center of the heater, where
the supporting shaft meets the substrate supporting element
of the substrate heater. Embodiments of the disclosure
provided herein may be especially useful for, but are not
limited to, improving the temperature uniformity across a
substrate supporting surtface on the substrate supporting
clement of a substrate heater.

FIG. 1A 1s schematic side cross-sectional view of a
vacuum processing chamber 100 according to one embodi-
ment. The chamber 100 includes a chamber body 1035 and a
lid 110. The chamber body 105 1ncludes a transfer port 1135
that 1s sized to allow a substrate to pass therethrough on a
robot blade or end eflector. The chamber 100 includes a
heated substrate support 120 that supports a substrate 123 on
a substrate supporting surface 121 of a substrate supporting
clement 122 of the heated substrate support. The heated
substrate support 120 may be made of a high thermal
conductivity ceramic material, according to one embodi-
ment. The heated substrate support 120 comprises aluminum
(Al) and nitrogen (N), according to one embodiment. The
material of the heated substrate support 120 has a thermal
conductivity of about 170 to about 220 W/m-K, according to
one embodiment. The heated substrate support 120 includes
a heating coil 130 embedded 1n the substrate supporting
clement 122. The substrate supporting element 122 1s sup-
ported by a centrally located support shaft 165. In some
embodiments, the substrate supporting element 122 includes
a ceramic material containing body that 1s supported by the
support shaft 165 that 1s also formed from a ceramic
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material. The support shaft 165 1s supported by the chamber
body 105, and the shaift 1s cooled by a temperature control-
ling device 124 that 1s formed within or attached to the
support shatit.

The chamber 100 also includes a gas distribution show-
erhead 135. The gas distribution showerhead 135 1s coupled
to a precursor gas supply 140 and a cleaning gas supply 145.
The precursor gas supply 140 may 1nclude gases for forming
films on the substrate 125. The precursor gas supply 140
includes tungsten (W), such as tungsten hexafluoride (WF ),
according to one embodiment. The gas distribution show-
erhead 135 1s coupled to a power supply 150 that may be
used to bias the gas distribution showerhead 135 relative to
the heated substrate support 120 to form a plasma that
includes the precursor gases. The cleaning gas supply 145
includes cleaning gases such as ammonia (NH,), fluorine
(F), or any combination of the above. The cleaning gas(es)
may be flowed through a remote plasma source 155 to form
radicals, such as F or NH radicals, that are flowed through
the gas distribution showerhead 135 in order to clean
chamber components, such as the heated substrate support
120. The substrate supporting element 122 of the heated
substrate support 120 1s coupled to a lift mechanism 160 via
the shaft 165 that 1s configured to raise and lower the heated
substrate support relative to the gas distribution showerhead
135. The lift mechanism 160 1s connected to an actuator 185
that causes the heated substrate support 120 to be raised and
lowered.

FIG. 1B 1s a zoomed 1n schematic side view of the heated
substrate support 120, according to one embodiment. In one
embodiment, the shaft 165 1s directly coupled to the sub-
strate supporting element 122 of the heated substrate support
120. In another embodiment, the shaft 165 1s coupled to a
thermal support 170, which 1s coupled to the heated sub-
strate support 120. The material from which the shaft 163 1s
made may include aluminum (Al) and nitrogen (N). The
support shaft 165 1s supported by the chamber body 105. The
support shaft 165 i1s cooled by a temperature controlling
device 124 that 1s formed within or attached to the support
shaft. The material of the shaft 165 has a thermal conduc-
tivity of about 70 W/m-K, according to one embodiment.

A gas supply 175 1s disposed between the thermal support
170 and the substrate supporting element 122 of the heated
substrate support 120, according to one embodiment. The
gas supply 175 1s coupled to an outside source (not pictured)
to supply gas to the gas supply 175. A gas channel 180
supplies gas from the gas supply 175 to the substrate 125.
The gas can be used as a backside gas when the substrate 125
1s disposed on the surface 121 of the heated substrate support
120. The backside gas improves conductive heat transfer
between the heater 300 and the substrate 125.

FIG. 2A 15 a sectional plan view of the substrate support-
ing element 122 of the heated substrate support 120 of FIG.
1 showing one embodiment of a heater coil pattern 200
disposed within the substrate supporting element 122. The
heater coil pattern 200 may be utilized as the heating coil
130 of the heated substrate support 120 of FIG. 1. The heater
coil pattern 200 1s formed within the substrate supporting
element 122. In some embodiments, as shown 1n FIG. 2A,
the substrate supporting element 122 includes a ceramic
body 205 which has a resistive heating element 210 formed
therein. In some embodiments, the ceramic body 205 has a
circular shape.

The heater coil pattern 200 1ncludes the resistive heating,
clement 210, which includes an electrically conductive wire
(e.g., nickel-chrome wire), conductive cable or patterned
layer of metal (e.g., tungsten (W)) that 1s formed 1n a
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specified heat generating pattern. The resistive heating ele-
ment 210 can supply a current from about 1 mA to about 30
A, preferably between about 1 mA to about 10 A. The

resistive heating element 210 consumes from about 1 kW to
about 6 kW. The resistive heating element 210 has a resis-
tance of about 1 m&2 to about 3€2. In the example, which 1s
depicted 1n FIG. 2A, the resistive heating element 210 1s a
single resistive heating wire. The resistive heating element
210 15 coupled to a power source (not shown) via connection
interfaces 215. The connection interfaces 215 may be
formed or provided near a center of the ceramic body 205.
The resistive heating elements comprise an outer sector 270,
a tertiary ring 266, a secondary ring 263, and a primary ring
260. In one example, as shown, the outer sector 270 com-
prises about sixX rings.

The primary ring 260 has an average diameter 260A. The
primary ring 260 comprises a first conductive element,
wherein the first conductive element includes a plurality of
first peaks that extend on either side of the average diameter
260A. The average diameter 260A 1s about 15 percent to
about 19 percent of the outer diameter, and preferably about
16 percent to about 18 percent of the outer diameter. In some
embodiments, the number of first peaks 1s less than about
fifty-s1x. The height “h™ of the first peak 1s about 1 percent
to about 3 percent of the diameter of the ceramic body 205,
wherein the height “h™ of the first peak 1s measured with
respect to the average diameter 260A, as shown 1 FIG. 2B.
In general, the height “h™ of the various peaks within a ring
(e.g., tertiary ring 266, secondary ring 265, or primary ring
260) are measured from their respective average diameter to
the tip of a related peak, as shown 1n FIG. 2B.

The secondary ring 265 has an average diameter 265A.
The secondary ring 265 comprises a second conductive
element, wherein the second conductive element 1includes a
plurality of second peaks that extend on either side of the
average diameter 265A. The average diameter 2635 A 1s about
22 percent to about 26 percent of the outer diameter, and
preferably about 23 percent to about 25 percent of the outer
diameter. In some embodiments, the number of second
peaks 1s less than about eighty. The height “h™ of the second
peak 1s about 1% to about 3% of the diameter of the ceramic
body 205, wherein the height “h™ of the second peak 1s
measured with respect to the average diameter 265A.

The tertiary ring 266 comprises a third conductive ele-
ment, wherein the third conductive element includes a
plurality of third peaks that extend on either side of the
average diameter 266 A. The average diameter 266 A 1s about
30 percent to about 34 percent of the outer diameter, and

preferably about 31 percent to about 33 percent of the outer
diameter. In some embodiments, the number of third peaks
1s less than about one hundred. The height “h” of the third
peak 1s about 2% to about 4% of the diameter of the ceramic
body 205, wherein the height “h” of the third peak 1s
measured with respect to the average diameter 266A. The
number of peaks and their arrangement in nested rings
allows for a higher density of heating element 210, com-
pensating for the heat loss due to the temperature controlled
shait 165 at the center of the heater 300.

In one example, the substrate support 120 has an outer
diameter of about 305 mm, the average diameter 260A of the
primary ring 260 1s from about 49 mm to about 55 mm, the
height “h™ of the first peak 1s from about 3 to about 9 mm,
the average diameter 265 A of the secondary ring 265 1s from
about 70 mm to about 76 mm, the height “h” of the second
peak 1s from about 3 mm to about 9 mm, the average
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diameter 266 A of the tertiary ring 266 1s from about 94 mm
to about 101 mm, and the height “h” of the third peak 1s from
about 6 to about 12 mm.

In another example, the substrate support 120 has an outer
diameter of about 230 mm, the average diameter 260A of the
primary ring 260 1s from about 37 mm to about 41 mm, the

height “h™ of the first peak 1s from about 2 mm to about 7
mm, the average diameter 265A of the secondary ring 2635
1s from about 353 mm to about 58 mm, the height “h”™ of the
second peak 1s from about 2 mm to about 7 mm, the average
diameter 266 A of the tertiary ring 266 1s from about 71 mm
to about 76 mm, and the height “h” of the third peak 1s from
about 5 to about 9 mm.

While not intending to limiting, 1n some embodiments,
the tertiary ring 266, the secondary ring 263, and the primary

ring 260 are electrically connected 1n series. In some
embodiments, as i1llustrated 1n FIGS. 2A, 4A, 5A and 6A, a

first portion of the tertiary ring 266 1s connected 1n series
with a first portion of the secondary ring 265, and the first
portion of the secondary ring 265 1s connected 1n series with
a first portion of the primary ring 260, and the first portion
of the primary ring 260 1s 1n electrical communication with
a second portion of the primary ring 260 that 1s connected 1n
series with a second portion of the secondary ring 265,
which 1s connected 1n series with a second portion of the of
the tertiary ring 266. The first and second portions of the
rings 260, 265, 266 can be configured to extend a distance
that 1s between about a quarter and about a half (e.g.,
illustrated 1n FIGS. 2A, 4A, 5A and 6A) of the circumfier-
ence of their respective average ring diameters 260A, 265A,
266 A. In one configuration (not shown), the first portion of
the primary ring 260 and the second portion of the primary
ring 260 may form one continuous ring that 1s connected to
the first and second portions of the secondary ring 265 at
either end of the formed continuous ring. While not shown,
in some alternate embodiments, the tertiary ring 266, the
secondary ring 265, and/or the primary ring 260 are elec-
trically connected in parallel to a power source or separately
connected to separate power sources.

Spacers 225 are provided on a perimeter of the ceramic
body 205. The spacers 225 may be utilized to support a ring
(not shown) during processing. Lift pin openings 230 are
also formed through the ceramic body 205. The lift pin
openings 230 may be utilized to house lift pins utilized 1n
substrate transier. In order to provide uniform heating, a
pattern of the heating element 210 i1s required that waill
increase heating element density per area while still having
the heating element avoid the lift pin openings 230 and the

spacers 225. This pattern 1s shown 1n FIGS. 2A, 4A, 5A, and
6A.

Purge openings 220 are shown near the center which may
be used for mtroduction of a backside gas or purge routed
through passages (not shown) formed through the body 205.
The purge openings 220 located at the center of the heater
300 are connected by a gas channel 180 to a gas supply 175.
The gas supply 175 1s coupled to an outside source (not
pictured) to supply gas to the gas supply, which then
provides gas through the purge openings 200 to the substrate
125. The resistive heating element 210 1s coupled to a power
source (not shown) via connection interfaces 215. In order
to provide uniform heating, a pattern of the heating element
210 1s required that will increase heating element density per
unmit area while still having the heating element avoid the
purge openings 220 and connection interfaces 2135. This
pattern 1s described 1n more detail 1n the figures that follow

(FIGS. 2B, 4B, 5B, 6B).




US 11,330,673 B2

7

FIG. 2B 1s an enlarged view showing details of the heater
coil pattern 200 around one of the plurality of purge open-
ings 220. The primary ring 260 adjacent to the purge
openings 220 includes a pair of first segments 250 surround-
Ing a purge opening, according to one embodiment. The first
segments 250 may have a radial onientation, be parallel, or
form a radially outward facing acute angle there between.
The first segments 250 transition to a depressed portion 252
surrounded by a pair of protruding portions 254. The
depressed portions 252 may be depressed mn a radially
inward direction, and extend radially away from the center
of the ceramic body 205 toward the purge opening 220. A
circular exclusion zone 221 1s formed around each purge
opening 220, such that no portion of the heater coil pattern
200 enters the exclusion zone. The exclusion zone 221 has
an exclusion diameter 221 A of from about 3 percent to about
5 percent of the outer diameter. The pair of first segments
250, the depressed portion 252, and the pair of protruding
portions 254 allow for a large density of heating elements at
the center of the ceramic body 203, while still avoiding the
purge openings 220.

In one example, the substrate support 120 has an outer
diameter of about 305 mm, and the exclusion diameter 221A
1s from about 9 mm to about 15 mm. In another example, the
substrate support 120 has an outer diameter of about 230
mm, and the exclusion diameter 221A 1s from about 7 mm
to about 12 mm.

FIG. 3A 1s a schematic side cross-sectional view of
another embodiment of a heater 300, which may be used as
the heated substrate support 120 of FIG. 1. The heater 300
includes a ceramic body 205 having the resistive heating
clement 210 embedded therein. The resistive heating ele-
ment 210 may be provided 1n a specific coil pattern, such as
the heater coils as described herein above in FIGS. 2A-B,
and below 1n FIGS. 4A-B, 5A-B, and 6 A-B. In this embodi-

ment, the heater 300 includes a thermal barrier 305 disposed
about or on the resistive heating element 210. The thermal
barrier 305 may substantially surround the resistive heating,
clement 210 with the exception of a portion that faces a
substrate receiving surface 311 of the ceramic body 205. For

example, the thermal barrier 305 may envelop up to about
50% to about 75% of the outer dimension of the resistive
heating element 210 while the remaining portion of the
resistive heating element 210 1s not coated, covered (with
the exception of the ceramic body 2035) or enclosed by the
thermal barrier 305. The thermal barrier 305 comprises
zircontum (Zr) and oxygen (O), according to one embodi-
ment. The thermal barrier 305 has a thickness of less than
about 100 microns, according to one embodiment.

The heater 300 further comprises a thermal barrier coating,
310, according to one embodiment. The heater 300 further
comprises a primary grounding material 320, according to
one embodiment. The primary grounding material 320 1s a
mesh, according to one embodiment. The primary grounding
material 320 includes molybdenum (Mo), according to one
embodiment. The primary grounding material 320 1s dis-
posed between the heating coil 130 and the surface of the
heater 300. The heater 300 further comprises a secondary
grounding material 325, according to one embodiment. The
secondary grounding material 3235 includes carbon (C),
according to one embodiment. The secondary grounding
material 325 1s a graphite mesh, according to one embodi-
ment. The secondary grounding material 325 1s disposed
between the primary grounding material 320 and the surface
of the heater 300. The primary grounding material 320 and
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the secondary grounding material 325 provide a ground to
the heated substrate support 120 during radio frequency
RF) plasma cleaning.

FIG. 3B 1s a schematic side cross-sectional view of
another embodiment of a heater 300, which may be used as
the heated substrate support 120 of FIG. 1. The heater 300
turther comprises a thermal support 170 that 1s disposed
between the shait 165 and the heater 300. The thermal
support 170 further comprises the thermal barrier coating
310, and a low thermal conductivity ceramic 340. The
thermal barrier coating 310 1s disposed between the heater
300 and the low thermal conductivity ceramic 340. The
width of the thermal barrier coating 310 1s smaller than the
width of the low thermal conductivity ceramic 340, accord-
ing to one embodiment. The low thermal conductivity
ceramic 340 includes Al and N, according to one embodi-
ment. The low thermal conductivity ceramic 340 includes
zircommum (Zr) and oxygen (O), according to one embodi-
ment. The low thermal conductivity ceramic 340 includes
quartz, according to another embodiment. The low thermal
conductivity ceramic 340 may be a ceramic-ceramic or
metal-ceramic composite. The thermal support 170 reduces
heat loss from the center of the heater 300, which results 1n
a more uniform heating pattern throughout the surface 311
of the heater.

FIG. 4A 1s a sectional plan view of a heated substrate
support 120, showing another embodiment of a heater coil
pattern 200. The heater coil pattern 200 may be utilized as
the heating coil 130 of the heated substrate support 120 of
FIG. 1. The heater coil pattern 200 1s formed 1n the ceramic
body 205 which would cover a resistive heating element
210. The heated substrate support 120 1s similar to the heated
substrate support shown 1 FIG. 2A with the exception of
angled wing sections 410 positioned near the center of the
ceramic body 203.

FIG. 4B i1s an enlarged view showing details of the heater
coil pattern 200 around one of the plurality of purge open-
ings 220. The primary ring 260 adjacent to the purge
openings 220 comprises the angled wing section 410. The
angled wing section 410 comprises a pair of first segments
250, a pair of second segments 415, and a rounded segment
420. The first segments 250 transition to the second seg-
ments 415, which are connected by the rounded segment
420. The second segments 415 may be tangentially oriented
to an 1maginary circle concentric with the center of the
ceramic body 205. The first segments 250 may be parallel to
cach other. The rounded segment 420 may be parallel to a
centerline 4235 of the ceramic body 205, where the centerline
1s an 1maginary line corresponding to a diameter of the
ceramic body 205. The secondary ring 265 and tertiary ring
266 are the same as of FIG. 2A. A circular exclusion zone
221 1s formed around each purge opening 220, such that no
portion of the heater coil pattern 200 enters the exclusion
zone. The exclusion zone 221 has an exclusion diameter
221A of from about 3 percent to about 5 percent of the outer
diameter. The pair of first segments 250, the second segment
415, the rounded segment 420 allow for a large density of
heating elements at the center of the ceramic body 205,
while still avoiding the purge opemings 220.

In one example, the substrate support 120 has an outer
diameter of about 305 mm, and the exclusion diameter 221 A
1s from about 9 mm to about 15 mm. In another example, the
substrate support 120 has an outer diameter of about 230
mm, and the exclusion diameter 221A i1s from about 7 to
about 12 mm.

FIG. 5A 1s a sectional plan view of a heated substrate
support 120 showing another embodiment of a heater coil




US 11,330,673 B2

9

pattern 200. The heater coil pattern 200 may be utilized as
the heating coil 130 of the heated substrate support 120 of
FIG. 1. The heater coil pattern 200 1s formed 1n the ceramic
body 205 which would cover a resistive heating element
210. The heated substrate support 120 1s similar to the heated
substrate support shown 1 FIG. 2A with the exception of
parallel wing sections 510 near the center of the ceramic
body 205.

FIG. 5B i1s an enlarged view showing details of the heater
coil pattern 200 around one of the plurality of purge open-
ings 220. The primary ring 260 adjacent to the purge
openings 220 comprises a parallel wing section 510. The
parallel wing section 510 comprises a pair of first segments
250, a pair of straight segments 515, 520, a rounded segment
525, and a second segment 415. One of the first segments
250 transitions to the second segment 4135. The other first
segment 250 transitions to the straight segment 5135. The
straight segment 515 1s connected to the straight segment
520 by the rounded segment 525. The straight segment 5135
and the straight segment 520 may be oriented parallel to
cach other. One or both of the straight segments 515, 520
may be oriented parallel to the centerline 423 of the ceramic
body 205. The secondary ring 2635 and tertiary ring 266 are
the same as of FIG. 2A. A circular exclusion zone 221 1s
tormed around each purge opening 220, such that no portion
ol the heater coil pattern 200 enters the exclusion zone. The
exclusion zone 221 has an exclusion diameter 221 A of from
about 3 to about 5 percent of the outer diameter. The pair of
first segments 250, the straight segment 515, the rounded
segment 525, the straight segment 520, and the second
segment 415 allow for a large density of heating elements at
the center of the ceramic body 205, while still avoiding the
purge openings 220.

In one example, the substrate support 120 has an outer
diameter of about 305 mm, and the exclusion diameter 221A
1s from about 9 mm to about 15 mm. In another example, the
substrate support 120 has an outer diameter of about 230
mm, and the exclusion diameter 221A 1s from about 7 mm
to about 12 mm.

FIG. 6A 1s a sectional plan view of a heated substrate
support 120 showing another embodiment of a heater coil
pattern 200. The heater coil pattern 200 may be utilized as
the heating coil 130 of the heated substrate support 120 of
FIG. 1. The heater coil pattern 200 1s formed 1n the ceramic
body 205 which would cover a resistive heating element
210. The heated substrate support 120 1s similar to the heated
substrate support shown 1 FIG. 2A with the exception of
another purge opening 610 and a center opening 613, and
bent wing sections 611.

FIG. 6B is an enlarged view showing details of the heater
coil pattern 200 around one of the plurality of purge open-
ings 220. The primary ring 260 adjacent to the purge
openings 220 comprises a bent wing section 611. The bent
wing section 611 comprises a pair of first segments 250, a
pair of straight segments 515, 520, a rounded segment 625,
and a second segment 415. One of the first segments 250
transitions to the second segment 415. The other first seg-
ment 250 transitions to the straight segment 515. The
straight segment 515 1s connected to the straight segment
520 by the rounded segment 625. The straight segments 515,
520 may be parallel to each other. One or both of the straight
segments 5135, 520 may be parallel to the centerline 425 of
the ceramic body 205. The secondary ring 265 and tertiary
ring 266 are the same as of FIG. 2A. A circular exclusion
zone 221 1s formed around each purge opening 220, such
that no portion of the heater coil pattern 200 enters the
exclusion zone. The exclusion zone 221 has an exclusion
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diameter 221A of from about 3 percent to about 5 percent of
the outer diameter. The pair of first segments 250, the
straight segment 515, the rounded segment 625, the straight
segment 520, and the second segment 4135 allow for a large
density of heating elements at the center of the ceramic body
205, while still avoiding the purge openings 220, the purge
opening 610, and the center opening 615.

In one example, the substrate support 120 has an outer
diameter of about 305 mm, and the exclusion diameter 221 A
1s from about 9 mm to about 15 mm. In another example, the
substrate support 120 has an outer diameter of about 230
mm, and the exclusion diameter 221A 1s from about 7 to
about 12 mm.

FIG. 6C 1s an enlarged view showing details of the heater
coil pattern 200 around the purge opening 610. The purge
opening 610 1s similar to the purge openings 220 and brings
the total of purge opemings to three, mstead of two, as 1n
other embodiments. A circular exclusion zone 612 1s formed
around the purge opening 610, such that no portion of the
heater coil pattern 200 enters the exclusion zone. The
exclusion zone 612 has an exclusion diameter 612A of from
about 1 percent to about 3 percent of the outer diameter. The
center opening 615 may be utilized for grounding a sub-
strate. For example, a rod (not shown) may be positioned 1n
the center opening 615 to contact a backside of the substrate
positioned on the substrate receiving surface 311 of the
ceramic body 205.

In one example, the substrate support 120 has an outer
diameter of about 305 mm, and the exclusion diameter 612A
1s from about 3 mm to about 9 mm. In another example, the
substrate support 120 has an outer diameter of about 230
mm, and the exclusion diameter 612A 1s from about mm 2
to about 7 mm.

The heater coil pattern 200 comprises the resistive heating,
clement 210, wherein the heating element 1s separated into
a primary ring 260, a secondary ring 263, a tertiary ring 266,
and an outer sector 270. The primary ring 260 has additional
elements near the center of the heater 300, and the additional
clements provide for a high density of heating element 210
per area near the center of the heater, while still avoiding
openings 220, 610, and 615. Thermal support 170 reduces
heat flow from the center of the heater 300 through the shaft
165.

The high density of heating elements 210 at the center of
the heater 300 provides for a more even heat flow, as the
shaft 165 provides an avenue for unwanted heat flow from
the heater. In addition, thermal support 170 also prevents
unwanted heat flow through the shaft 163.

While the foregoing i1s directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

The mvention claimed 1s:

1. A substrate heater for a semiconductor processing
chamber, the heater comprising:

a circular ceramic body having an outer diameter;

a plurality of purge openings disposed in the ceramic

body; and

a resistive heating element embedded 1n the ceramic body,

the resistive heating element disposed 1n a heater coil

pattern, the heater coil pattern comprising:

an outer sector;

a primary ring, the primary ring comprising a {first
conductive element, wherein the first conductive
clement comprises a plurality of first peaks, a height
of the first peak 1s from 2% to 4% of the outer
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diameter of the circular ceramic body, wherein at
least one of the purge openings 1s disposed along an
average diameter of the primary ring;

a protruding portion extending radially inward from the
average diameter of the primary ring, wherein the
protrusion portion extends more inwardly than the
plurality of first peaks and surrounds at least one of
the purge openings, the at least one of the purge
openings 1s disposed radially outward from a peak of
the protruding portion; and

a secondary ring, the secondary ring comprising a
second conductive element, wherein the second con-
ductive element comprises a plurality of second
peaks, a number of second peaks 1s greater than the
number of first peaks, the height of the second peak
15 2% to 4% of the outer diameter of the circular
ceramic body.

2. The substrate heater of claim 1, wherein the heater
turther comprises a plurality of circular exclusion zones,
wherein each of the exclusion zones of the plurality of
exclusion zones 1s disposed about each purge opening, such
that the diameter of each exclusion zone 1s from 3 percent to
5 percent of the outer diameter.

3. The substrate heater of claim 1, wherein the first
conductive element further comprises:

two protruding portions; and

a depressed portion, such that the two protruding portions

transition to the depressed portion on either side of the

depressed portion.

4. The substrate heater of claim 1, wherein the first
conductive element further comprises:

a first segment;

a second segment; and

a rounded segment, wherein the rounded segment con-

nects the first segment to the second segment.

5. The substrate heater of claim 1, further comprising a
grounding material.

6. The substrate heater of claim 1, further comprising a
tertiary ring, the tertiary ring comprising a third conductive
clement, wherein the third conductive element comprises a
plurality of third peaks, the number of third peaks is less than
eighty, and the height of the third peak 1s 2% to 4% of the
outer diameter of the circular ceramic body.

7. The substrate heater of claim 1, wherein the heater 1s
disposed over a shaft, and the shatt 1s configured to raise and
lower the heater.

8. The substrate heater of claim 1, wherein the resistive
heating element further comprises a thermal barrier, and the
thermal barrier surrounds the resistive heating element.

9. The substrate heater of claim 8, wherein the thermal
barrier comprises zirconium and oxygen.

10. The substrate heater of claim 1, wherein the heater
comprises aluminum and nitride.

11. A substrate heater for a semiconductor processing
chamber, the heater comprising:

a circular ceramic body having an outer diameter;

a plurality of purge openings disposed in the ceramic

body; and

a resistive heating element embedded 1n the ceramic body,

the resistive heating element disposed in a heater coil

pattern, the heater coil pattern comprising:

an outer sector,
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a primary ring, the primary ring comprising;:
a first conductive element, wherein the first conduc-
tive element comprises a plurality of first peaks,

the number of first peaks 1s less than fifty-six, a
height of the first peak 1s from 2% to 4% of the

outer diameter of the circular ceramic body, an
average diameter of the primary ring 1s from 15%
to 19% of the outer diameter of the circular body,
two protruding portions extending radially inward
from the average diameter of the primary ring,
wherein the two protrusions extend more inwardly
than the plurality of first peaks, and
a depressed portion, such that the two protruding
portions transition to the depressed portion on
either side of the depressed portion, wherein at
least one of the purge openings 1s disposed along
the average diameter of the primary ring and
radially outward from the depressed portion; and
a secondary ring, the secondary ring comprising a
second conductive element, wherein the second con-
ductive eclement comprises a plurality of second

peaks, the number of second peaks 1s less than
eighty, the height of the second peak 1s from 2% to
4% of the outer diameter of the circular ceramic
body, an average diameter of the secondary ring is
from 22% to 26% of the outer diameter of the
circular body.

12. The substrate heater of claim 11, wherein the heater
further comprises a plurality of circular exclusion zones,
wherein each exclusion zone of the plurality of exclusion
zones 1s disposed about each purge opening, such that the
diameter of each exclusion zone 1s from 3 percent to 5
percent of the outer diameter.

13. The substrate heater of claam 11, wherein the first
conductive element further comprises:

a first segment;

a second segment; and

a rounded segment, wherein the rounded segment con-

nects the first segment to the second segment.

14. The substrate heater of claim 11, further comprising a
thermal barrier at least partially surrounding the resistive
heating element.

15. The substrate heater of claim 11, further comprising a
tertiary ring, the tertiary ring comprising a third conductive
clement, wherein the third conductive element comprises a
plurality of third peaks, the number of third peaks i1s less than
cighty, the height of the third peak 1s 2% to 4% of the outer
diameter of the circular ceramic body, the average diameter
of the tertiary ring 1s from 30% to 34% of the outer diameter
of the circular body.

16. The substrate heater of claim 11, wherein the heater 1s
disposed over a shaft, and the shaft 1s configured to raise and
lower the heater.

17. The substrate heater of claim 11, wherein the resistive
heating element further comprises a thermal barrier, and the
thermal barrier surrounds the resistive heating element.

18. The substrate heater of claam 17, wherein the thermal
barrier comprises zirconium and oxygen.

19. The substrate heater of claim 11, wherein the heater
comprises aluminum and nitride.
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